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1. The JUMO 012 (Project A) o
[ "

(a) 25x1

[compressor details., In 1947 two L o

verslons existed. One had a constant outer diameter, the .

other had an outer diameter which increased from front to
rear. Later, the former was bullt,

(b) 25X1

Compressor: 10 stages. Compression ratios &4 - 4,5 ;: 1
Alr Mass Flow: 60 kg/sec
Turbine ¢ Two verslons - one stage and two stages
(USAF review completed) (I don't know which was built,)
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Exhsust Bullet: Two pcs%?iona (starting and meximum
o thrus ‘ ‘ '
Starter ¢ Compressed alr turbine imstalled in
' diffuser cone: , : o
Thrust : Statio test - about 3,000 kg attained

25X1

2 was in seriles production, but

811 necessary drawings had been

o over to the Soviets. Stoppage of .
due to a 25X1

(e)

-work on this project was
more efficient power plant i AVINng leveloped else-
where by the Soviets. . No state test run was ever made
on the 012, R o ' S

2, Projest C
(2) . Project C was a further development of the JUMO 022
© " turboprop engine, Extensive effort on it commenced in
1950, - The Soviets spesified that it was to have an
equivalent horsepower rating of six thousand (Gewmman
horsepower - PS) with a specific fuel consumption of’
280 grams of fuel per horsspower per hour, The following,
specifications were set up for the components: =~
1) Compression ratio $. . T sl
‘ (2] Air Mass flow .. & 29 kilograms per sesond
3 ' Compressor effisiency: 89% : ’ '
| Combustion effieienoy: 9
5) Turbine efficiency : 90%

(b} A preliminary performance study determined that the

following would be required: -
(1) Propeller s 5,20 meters diameter, 930 RPM, "

(2) Compressor: 14 stage, axial flow, Tip speed of
, ‘ rotorl‘aiout,QQO"neters per second,
9000 BPN. " Pirst stage hub-tip ratie’
o1 0,00, ‘

(3) Turbine : Two yonilbi;itian;eonbidéped'-‘ttq;@r«
“ | - three. stage turbine,

(6) The compressor design was to be such that the Mach . .
‘nymber of the airgtrean velasity ever the outer sestion.
of eash rotor blade was to bBe equal to the Mash number
over the inner sectlon of the followin . atator blade fop.
the first three stages, .Iﬂ;G#Iﬂﬁiﬁfiaﬁﬂn*lnvQllintipllc
‘eirenlation over the chord wes assumed for all blade

‘sections, :

w&thﬁthe;statorIandfguidcgvlphlgrixedyin,thﬁ:hauhin*a

Por the first test vehisle it was planned to have' the
stator blades manually adjustable through a small ran
‘of angles of attack, The caloulations for the e )

- were completed in September 1950, with t rat Bl
and stage designs being comnleted alsmn.

- (d) The sompressor housing was to be an aluminum 'e’p;l';:ti;nu’“

o5x1
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3. .The JUMO 022 (Froject B)
(a) General Design

(1) The JUMO 022 turboprop engine was developed by the

- Q@ermans at Kuibyshev from the design stage through
a 200=hour qualification run prior to my departure )
from the USSR in September 1950, . Sketch 1, Enclosure
(A) 18 a schematic layout of the 022 with some of
the thermodynamic data. - :

(2) combustion temperature was 750° centigrade. 25X1
a turbine inlet temverat p of DOC Ke 32?:]]

was later allowed.

. Fuel eonsu?ngiggguan431ﬁ to 320 grams per
orsepower per hour, this was improved 25X1
- in 1951 to 300 grams per horsepower per hour hw 1Tp:ov1n55x1
|- Engine RPM was 7700, prop
RPM was 1028, ahont fiva - 25X 1
thousand SHP,

- A maximum alr inlet velecity of
; d was assumed in performance -
calculations,

. (3) With propeller installed (tractor) the unit measured
about 5.8 meters long,  Without propeller it was
approximately four meters long, Maximum diameter of -
the engine (without propeller) was 1053 mm (not
including external accessories). Total weight was 1500
kg divided as follows: _ P

Compressor - 500 kg
. o Combustlon chamber, turbine and exhaust -
T e about 500 kg :
Reduction gearing and inlet housing «
about 300 kg
Accessories - about 200 kg

The inlet housing was of dural. All other none
rotating parts (compressor housing, tail pipe, ete)
wers of steel, : '

(b) Compressor
(1) General

a. The first design had 14 rotor and 15 stator st a8,
an air mass flow of 30 kg/sec and a compression ratio
of 5:1, It closely resembled the JUMO 004 COMPIesBOY,
having scaled up dimensions. . The additional stages
were similar to the last stage of the 004 eom%reasorf

ssor was dessigned in Dessau, and 25X1
jjﬁmnnjthe 022 wae a postwar development, = The 25X1
scaling up of the blade airfoils was done after the

war, This was done bi Eberl; (he worked for DVL during .
World War II). In 1948 the stage graphs of the

JUMO 004 were still being used in decisions on the 022
c:ncerning blade setting angles for single compreasor
stages. -

SECRET SEQQEW
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b,‘ 25X1
compressor could only be tested on the complete
engine, thus limiting measiurements to the pointas at
which the entire unit sould he run. Except for

s starting and stopping, the engine was to be run at a

/ eonstant RPM, with variations in power belng as-

; vV VAIrLAT 8  AX ne & OLN? @)L Durne

complished b O & L

. The'

The airflow varied only about three percent from ldle
to full power at constant RPM, In order to obtain
additional data, some tests were run with constant
load and variable RPM and others with wvarisble load
and constant RPM, all with the waterbrake, In some
of these tests, short pericds of higher than normal
temperatures inte the turbine were permitted,

‘¢e Alr mass flow was measured prior to the first
guide vane in the inlet. Statlc pressure was measured
by stage and at the rear of the compressor, Normally,
only temperatures entering and leaving the compressor
were read, In some tests, though, free stream thermo-

‘couples were employed to take readings after every
.other atage. Later mantled thermocouples were used to
read total temperatures, -

d, The few available measurements indicated that
efficiency of the compressor was very low, <The maximum
airflow measured was 31,2 Kg/ses with a compression
ratio of 4,5, and an adiabatic efficiency of 0.78,
. Stage loads varied considerably. Cold days produced
~even poorer results with higher RPM. o

e. The engineers knew that some of the measurements
wera inaccurate, Experiments were made with different
blade twists, Several compressors were dbullt but not
all had sompletely new bladings, ‘The mest diffioulty
was exparienced with the final stage. Some shanges were
made in the stator stages; also, in order to remov
vibration faults and other defests occurring in
fabrication, ‘

£, By the end of 1948, the work had progressed
sufficiently far that a new compressor had besn designed
having a compressor ratio of 6:1, This compressor had '
stralght~in flow to the first turbine stage permitted by
removing the inlet gulde vanes, This was dcne to
reduce the relative Mash number of the alrflow over the
first blades, The lnlet was redesigned to inorease the -
. diffuser recovery factors, This resulted in an insrease
in the outer diameter of the first rotor stage to 635
‘mm, The succeeding stator stage reduced this to 6185 mm,
which was the outer diameter of all following stages, ‘

8« A8 the single stage test stand had not been built,
it was declded that a whole compressor built with this
new arrangement was too risky a proposition. Therefore,’
the first two stages were redasigned for straight-in
flow to the first stage, using an outer diameter of 618
mm for all stages, In tests of this, such favorsble
results were obtained that it was accepted as the con-
figuration to be used. An adimbatic efficiency of .82
and a compression ratlo of 5:1 were obtained., The
zerformanca at higher RFM also improved, It was with
his layout that the first State Test Run was wmade,

sRsr  SECRET
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h. The third compresscr configuration had the en-
larged first stage, redesigned second stage, and with
the following stages unchanged., Listed below are the
types of compressors used on the 13 engines whick
were bullts

1 through 7 : 618 mm outer diameter with inlet guide
vanes
8 through 10 ¢ 618 mm outer diameter with no inlet

guide'vanes‘ _ .

35 mm diameter for first stage, all
others 618 mm, with no inlet guide
vanes

11 through 13:

i, Shortly after the testing of the new Llrst stage,-
an additional change on the compressor resulted in

more favorable performance, The clearance between the
rotor blades and the compressor casing was about 1.5

to 2 mm before starting, The interference at the blade
tips apparently had 1ittle influence on the first stages,
In later stages, and particularly the last several, how--
ever, the disruption of the alrflow caused by clearance
was quite important. In order to dimish these effects,
the rings (compressor wall) were lined with a mixture
of ‘enamel and talcum powder, -See 8ketch 2, Ensclosure
(A). Centrifugal forces caused some radial lengthenlng
of the.blades when running the engine sc it had to be
accelerated slowly when starting, -The blades scraped
the lining and made their own paths in them, This im-
‘proved the performance of the compressor somewhat as

at full power, clearance between blade tipe and the

wall was practically zero. ‘Some trouble was experienced
at first, in that the enamel-talsum coating cracked.
during operations, This was eliminated by varying the
percentages of constituents until a satisfactory
coating was obtained, ‘

/3. The final step in this development was the running.

¢ of the éngine in the Soviet State Test Run, -The ‘
compressor as used had an adiabatic efficiemcy of 0,85,
an alr mass flow of 31.2 kg/sec, and a 5,331 compression
ratio, This was engine Number 1l, On this compressor
the piteh ratio at the tip of the first rotor stage was
1.25, at the second stage, it was 1,26, and at the third,
1,22, - All three stages had the same alrfoll section, -
The second and third stages had the same blade twist,
differing only in angle of attack and the fairing of the
blade into the foot. The remainder of the sompressor
(no change essentially from previous compressors) had
gihch ratios varying between 1,1 and 1,25 at the rotor

k. The airfoll sestions for the first three stages were.
of the NACA 0004/i - 64 geries (taken from an Americam
report), The tip section thickness ratios wers 5%, the
root thickness ratios were 9%, with a linear increase
along the blade from tip to root, The following rotor
stages had airfolls tazken from the Goettingen Alrfoil
Catalogue and had thickness ratios of about 25%, .Pltsh
ratios of the stator stages wers betwesn 0.8'and 0.9,
ageegtlfﬁr the last stage, which had a pitch ratio of

" about 1.4, ‘ Co ‘ '

' SECRET
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Pressure Helief

2, Preliminary caleculations indicated that the turbine
could perform useful work (i e, drive the compressor)
only at RPM abovée five thousand, Therefore, a starter
was needed which could drive the engine to that speed,

. The inability of the turbine to do the work was be~

cause of a large pressure surge in the middle stages.
An increase in the amount of fuel being burned would
have taken care of this, but would have resulted in
too high initial turbine temperatures, In order to

relieve this pressure surge, blow-off valves were

installed at the fifth and sixth stator stages, The
valves wers spring loaded and hydraullcally controlled,
They were designed to remove about 25% of the air

flow, thus reducing the pressure at the first, sixth
and seventh rotor stages to just over the optimum at
3,000 RPM., In starting, the engine was driven with
the valves open to about three thousand RPM, fuel
ignited; at about 4200 RPM the starter was dis-

" connected, and at 5500 RPM the valves were closed, All

test engines had this presswre relief,

1b. Unfavorable effects would be obtained if the engine
“had to be stopped or throttled down very much in flight,.

This would necessitate reopening the valves when re-

25X1

starting or accelerating and would introduse the problem -

of what to do with the airflew coming from the relief
valves. Some thought was given to systems wheredby the
air would be reintroduced te the first rotor stage, or
controllable pitceh bladea on the firat stage would
aliminate the need for the relief valwves, A third
solution involved, essentizlly, a variable cross
sectional area, A "rubber compressor" could not be
built, bput an attempt at simulating this was made by
constructing ahead of the first rotor stage, a wall,
which for starting, produced a satisfactory pressure
distribution, This was made as shown in Sketch 3,
Enclosure (A), with the height of the wall being 35.mm,

‘The pressure rellef valves were not nseded with this

arrangement., It was purely experimental, though, and
no attempts were made to develop & retractable arrange-

ment or some other similar solution which would eliminate

the effects of the wall after starting had Peen s6-
complished,

€e

Tiere was sSomé Opl
in the minds of varicus engineers, ineluding the Soviets
that this system would not work and alse that it mipght
damage the compressor,

| a5 condusTtsd

[drilled two rows or holes in the

wall in crder %o improve the airfldw'oharact@riatieu

over it, In starting, the air going through these holes
[

roduced a lcud noise. |

25X1

25X1" -

25X1
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(3) Conatruction of the Compreasor

. 8¢ The housing of the compressor separated at the
senter lins {in the horizontal plane}.  The rotor
dlses in earliler versions were bolted together as
shown at Point 1, Enclosure (B) and all were solid
from the shaft out, Labtsr versions had the central
portion of every ofther disc eliminated; Point 2,
Enclosure (B), Rotor blades had dovetailed feet as
shown at Toint 1, Sketch 1, Enclosure (¢), The sides
of the feeb, Point 2, Sketch 1, Enclosure (), were-
inelined at 1% degrees. The blades were so deslgned
that wnder normal operating condltions the bending
moments  caused by the airflow wers compensated %to
-some degres by the centrifugal forces lmposed by
rotation, 'This was, of course, true at only one
operating sondition. The humber of blades in each
stator stege waz a prime number, This was based on
sommon machine tool manufacturing practisces, The
first and third stator stages had 31 blades 0 25X1

The

TR 10 Che TArSh elght stages of the compresscn:’”
were wmade of aluminum while the last six stages had

steel blading. The rings, Sketch 2, Enclosure (C),

and 8ketch 2, Enclosure (A} for the blades were

rolled from 1.% mm thick sheet steel. These were

finished only on their outer surfaces, but, &s

mentioned preaviously, they were lined later with an

enamel-talcun powlsr coating. '

R b bn the 25X1

022 compressor, no rotor blades falled owing to the
effecta of vibrations., Much trouble was encountered
with the stators, though, Many breaks occurred both
in blades and in mountings. The early stator stages
had rolled and milled inner and outer rings. In these
the head and feet of the blades were welded into
stamped holes. Breaks appeared primarily at the holes,
in the trailipg edges of the blades, and about a third
of the way from each end of the blades. See Sketeh 3,
Enclosure (C). Thickness ratio and pitch ratio were
varied, and different materials were used in attempts
to eradicate these faults. A8 scon as one stage had
been remedied, another stage would develop troubles,
The most satiasfactory methed and that which was £inally
adopted, bad the rings stawped oul as stown in Skeleh
B, Enclosure (¢} and reinforced with sheet metal atrips
as shown at Point 1, of the same sketch. The bladses -
were welded alternately (peripherally) to the inner
and outer wrings, while the unwelded ends had a small
amount of clearsnce and could move somewhat under
stress, Three of the blades in each stage in esach
half of the compressor sectlon were welded at both
ends, in order to tie the inner and outer rings to-
gether,

(#) Compressor Psrformasse \
25X1
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~afem

25X1

| 25X1
[the 022 engine

was not a cowpletely scientific enterprise, ” ‘ ﬁ{-

b, The outer diameters of the rotor stages of the
022 compressors were constant (618 mm) with the
exception of the one compressor whose first stage:

" had an outer diameter of 635 mm. With an engine
speed of 7700 RPM, the blade tip speed of each stage
san be determined., Enclosure (D) is a table
giving vaiueg for hub-tip ratios, blade areas, poly~ .

tropiec efficlency, enthalp change, temperature

increase, total temperature and sure rise f

P @ g

(1} & Il o

[:;::::;:}The relative angles of attack for the first
stage In all comprassors were zero degrees, the second
and third ran from .5 to one degres, and the fourth
through fourteenth varied from two to eight degrees

(rotor only).

4. The intake diffusor recovery factory was about .89,
no measures were developed to improve 25X1
operations under abnormal conditions, Calculations were
performed using a constant engine RPM and independent

of the altitude and airspeed, '

25X1

f. In the 022, axial flow components were assumed
constant, Deviations from this owing to wall inter-
ference were not measured, Their existence was
agknowledged, however, and attempts made to reduce
them by adjusting blade setting angles, When de-
signing the compressor for Project C, caloulations of
three~dimensional flow were made for each stace

25X1

8. Heports of research performed at TSIAM indicated '
that radial equilibrium was attained immsdiately ‘
after each rotor and stator stage, These reports were'
the {:sult of experimental tests on British theoretical
results,

h,. In order to obtain high efficlency at low densi-
ties, the flow entering each stage had axisl
velocities such that the resultant exit velosity was
ag low as possible, Those sestions of a blade which
had the highest velcsity (rotor blade outer section
and stator blade inner section) had short chords with
thickness ratios of about 40%,

i, Some experimental work wes done on higher stags'

loads, A single sta ed 1n Beptember 1950, '
‘ In the Devslopment 25X1

SECRET
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SECEL]

Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01028R000100060002-2



Sanitized Copy Approved for Release 2010/05/11 : CIA-RDP81-01028R000100060002-2

SELiE

_SECRET 25X1
SECURITY INFORMATION

~9-

Department, research intc a compression ratlio of
6.0 in nine stages was done, Some calculatlons
were also performed on a two-gectloned; 10 stage
compressor.

Je In a general discussion on compressors in the
winter of 1948-49, Oleschnowitssh spoke in oppo-
siltion to increasing stage loads, He stated that
three years before, many people had advocated fewer
stages with higher compression ratios per stage.
Other research centers in the USSR had worked on
them and failed (poor starting and sltitude
performances), The same people who had previously
been for fewer stages were now advocating more and
more stages, He advised them that they should work

. 8lowly and carefully in order to prevent future
failures.

k. The problem of heat exchangers ecams up and was
worked on, but dropped because of excessive welght
and large pressure drops.

l.  No after-burning was considered hecause of the
high fuel consumption dand attendant welght. In a
number of tests it was found that the temperature

between the first and second stages of the 022 turbine

was higher than that before the first stage. It was

decided that this was the result of incomplete
combuscion prior to the first stage, with burning
continuing going into the second stage,

m, No research was done at Zavod #2 on the use of
Jet engine alr intakes for boundary layer control,

n. ' Facllities for high performance r
essentially non-existent at Zavod #2.

aircraft group at Podberezye also had no high apeed

5X1
@

wind tunnel, Two small high velccity tunnels at Dessaw,
Germany, were rebullt after World War 1I, One was sent .
to the USSR prior to Qectober 1946 and the other after-

wards -~ both to unknown destinations. The pressurlzed
engine test cell taken from Dessan to Zaved remained

in its packing cases throughout my stay. Groebner,
who had been responsible for this cell atf Dessau,
was ordered to Inspect the srates to determine

whether the cell was complete.

{e) ITurbins

(1) . The turbine sesction did not utilize the same
theory for developing the 022 turbine as had been

25X1

used for the compressor. lt‘w‘E‘B“‘T““‘f““ﬁ“ﬁ}i“J 25X1
apparently ased on mream turbine 25X1

\
theory without any correction, this 25X1
8 Departmeani

was influenced by Kuemmel &Thermawvn.~‘
who was of the "old sshool

25X1
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(2) 25X1

J | The turbine stages were
deslgned using sub-critical velocities, 25X1

\ [ for test
discussions, the use of three stages was always
paramount. The Turbine Department always furnished
turbine ide vane setting angles of 21, 23, and 25
degrees (from front to rear) to the compressor
people for use in their calculations. Much experi-
menting was done with the turbine in attempts to
obtain the desired efficlency, but without much
thesretical work being performed,

(3) The turbine blades (rotor) had fir tree roots

' (See Sketch 1, Enclosure (E) ), and were lightly
riveted at the base to prevent axial movement. -‘The
fit of the root inte the disc was loose; insertion
or remeval of a cold blade could easily be done by
hand, :

(4) Some vibration breaks occurred on turbine blades,
~ _too few of these had been 25X1
found for them to determine the exact cause, ‘A turbine
test stand had been planned for thorough investigation
of the turbine, but was not built because of lack of
necessary funds,

(5) Assembly of the turbine shaft to the compressor
shaft was rather difficult, This had to be done from
the turbine end of the combustion chamber, For this’
reason access holes were cut in the combustion e¢hamber
forward wall and inner cone, Sketches 2 and 3, En- |
closure (E), show this with relation to the compressor
and combustion chamber and detalls of the joint,

(d) . Copbuetion Guawhsr .
(D) 25X1

AN

(2) . The combustion chamber assembly included the rear
compressor and the front turbine supports., The housing
for this sectlon was in one plece, not separated for
removal as was that for the compressor, For a eross
section of the combustion chamber, see Sketch 1,
Enclosure (F). - '

(3) The big problem in the combustion chamber

- design was to eliminate the hot spots in the alrflow
to the turbine inlet, In 1950 this was still not
satisfactorlly solved., The temperature distribution
was unequal both radially and circunferentially, with
measured readings showing up to 200 degrees Celsius
difference between points. The accuracy of these
readings was questioned but they did show that there .
were great inequalities present., The highest ‘
temperatures seemed to appear at the top of the engine,

25X1

which fact| @~ blamed on the difference in densif
between diff§2gQtlI4hgntBd4Ens4n&mhiﬂlea*AE:::::::::::T 25X1
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Propeller and Reductiom Cewring
(1) Propsllesr A

8+ This was made bv a Soviet plant in Moscow

\German specialists at
Zavod #2 were consulted in the design and con-
struction., The propeller sectlon consisted of the
two contra-rotating propellers, shaft, pltch control
and reduction gearing. The diameter of the propeller
was 4,5 meters and the two planes were about 800 mm
apart, Each conaslsted of four blades. . Maximum RPM
was 1028, The forward prep rotated in a clockwise
dirsction when looking from the engine, Prop out-
put was in the ratio of 1.3 (front) to 1 (rear).

b, Piteh contrel was hydtaulic and the prapelieru
were full-feathering, reversible, constant speed.

-8y The blades were solid forged aluminum, with all
blades being made from the same die, Strains imposed

. on the hub-blade transition during forging sometimes: .

caused ruptures at this point during tests,

d, - In addition to this propeller, other designs for
the 022 were studied under the leadership of } ‘
Engineers Lorenzen and Bockermann. These were, among
others, synchronlzed twin—gropellera, deuble~hood —
propellers, and an eight (8) bladed prop. None of
these went any further than the design stages,

{2) Reduction Gesrig and Drfws . -

[Erslosurs (3)] ‘ .

2. The goal in the design of the contra-rotating
propellers was, of course, greatest power absorption -

and efficiency for smallest weight and size, The pre=

liminary design was an attempt to load all gears :
equally., This arrangment had the disadvantages of un-
equal blade loading and a large diameter casing (585
mm) . This was almost the same as the compressor rotor
diameter thereby affecting unfavorably the air inlet
.characteristlcs, See Sketch 1, Enclosure (H).

b, To reduce the diameter, research was made into
the scheme shown in Sketch 2, Enclosure (H). - This
was a better system in some respests, but was dropped
in favor of the first scheme because of the first's
more advantageous power ratio (on the gear train),

¢, A power take-off for the starter and other
accessories was located as shown at Point 1,

Enclosure (G).

d, 01l waé fed from the gear casing along the shaft to

-the pitch control through rings and slots (Peint 2,
Enclosure (@). ’

‘e, The transmission was a primary limiting fastor im
the performance of the 022, The optimum fuel '

consumption figures were obtained at measured horse-

- powers above six thousand (PS). The transmission,
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however, could not transmit this much power te the: .-
propellers, Various difficulties arcse during tests,

- some of which were directly connected to the y
wesknegses of the reduction gearing, :

T, On 20 Apr 49, one mishap occurred which the Rle
Soviets attempted to call an act of sabotage by the« "
Germans, that date being Hitler's birthday, This was !
during the first State Test, The test was being run:
at night, From the control room the engine, but not" ;
the propellers could be seen, When the fault occurrdd
&n increase in noise level was detected but the engine
continued to run normally. An external check, howévér,
showed that the propellers had torn loose, - Inveatigation
revealed that a pinion had failed and Jjammed, " Thid !
sheared the front gear casing bolts, thus allowing ‘the
propellers to come free, They were stopped from doing
too much damage when they hit a post on & -travelling’
crane, The maximum RPM of the compressor~turbine  wag
limited to 7500 because of the reduction gearing
limitations, :
(£) Stapter .
(1) . . In early tests, using a water-brake for power
- absorption and messurement, the 022 was started by .- -
use of an electric motor, After the propeller was ‘iam
stalled, the starting was accomplished by a comprésged
air turbine, .In 1949, /development of a gas turbine . '
starter was begun, A peeial group was charged with
this projeot having among its members, Engineer ., .o-
Weckwerth (formerly of BMW), who was the chief; Eberl
(formerly ¥ith D,V,L,; returned to the Soviet Zone of’
Germany 1n 1950), and Stich, Eberl and Stich '
designed the compressor, )

(2) 25X1

I

(3) . The starter comsisted of a centrifugal e
compressor (3 radial spirals), a combustion chamber, '
-and an axial flew turbine, Electric powser was used
to turn over the starter initially, The JUMO 213
starter transmission supposedly was uséd, See ... Wil ,
Enclosure (I) for a sketch of the starter arrangement, - -

(4) -~ The unit delivered 50 (P8) and weighed approiié t
mately 50 kg, A variation of this was started by the
auxiliary air compressor on the ea ARA haridnn

25X1

25X1

(g) Accedsory Sestiory - .. ..

(1) The accessory section included the generator, a -« -
-two-cylinder reciprocating air compressor and sterage
tank for the starter and other accessories (flaps,. .
‘gears, eto) which would operate by compressed air, fuel '©-

and oil pumps and filters, oil cooler, compressor '
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.relief valves, tachemeter, and engine controls.

These were all attached to the compressor housing
with the power transmission from the main shaft being
located as shown at Point 1, Enclesure (G). This
also was the means by which the starter drove the

engine, | \ 25X1

~end-

.'Schematlc of 022
022 Compressor

Rotor Blade Mounting
Characteristics Chart
Tarbine Blade Details

. 022 Combustion Chamber Section
022 Reduetion Gear

- 022 Reduction Gear
022 G@as Turbine Starter

Enclosure
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Stage Fo , di/do ' o5 M (pol) & E (pol) Az (%) 2 (total) _A Pressure
1 0.540 0.2120 0.88 - 1500 16.4 288.0 1.189 =
2 04561 0.2044 - 0.87 1430 16.0 304.4 1.169 -
3 0.580 0.1980 0.86 1340 15.2 320.4. 1.150 &
4 0.598 , 0.1920 0.85 1300 14.9 335.6 1.139 3
- 5 0.620 0.1840 0.85 1350 15.5 . 350.5 1.136 ]
e= 5 6 0.638 0.1783 0.85 1420 1643 36620 1.138
e = 7 0.660 0.1688 0.85 1470 16.8 382.3 1.138
. é 8 0.685 0.1585 0.86 1450 16.4 399.1 1.129 -
g B 9 0.712 0.1480 0.86 1400 15.9 415.5 - 1.120 L, =
8 .10 0.735 T 041375 0.86 1340 15.2 431.4. 1.110 § & .
& .u 0.748 © o e.d322 0.85 1290 148 446.4 1.102 8 3
s 12 0.760 0.1260 0.84 1250 145 461.4 1.095
@ L1 0.776 0.1198 0.83 1200 14.1 475.9 1.088
14 0.798 0.1088 0.83 1150 13.5 490.0 1.083

Pollowing Stage 14: 503.5
- Total Compression Ratio: = 5.356
) Adiabatic Temperature Increase: = 177.5°c
. . 7) (adiabatic) =. 0.825
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